The zoopathogenic fungus Histoplasma capsulatum has two morphological forms: a yeast form composed of blastospores, and a mycelial form consisting of hyphae upon which are borne both micro-and macroconidia (4, 5) . This dimorphism is associated with the parasitic and saprophytic phases of growth of the fungus, but some isolates will express the two distinct morphological aspects of the asexual life cycle in artificial culture media (12, 16) . Thus, on common laboratory media incubated at 23 to 250C, H. capsulatum grows as a mycelium, whereas on suitable media at 35 to 370C some isolates of the fungus convert to blastospores (4, 16, 17) . It has long been known that maintenance of the yeast form of growth requires sulfur-containing, organic compounds and that cysteine is especially useful in meeting this requirement (15, 19, 21) . Reexainiing this fact, Boguslawski and his colleagues (1) confirmed that blastospores, but not mycelial cells, of H. capsulatum (Downs strain) have an absolute requirement for cysteine (1, 19) and that with some but not all strains of the fungus, serine can substitute for cysteine (23) . The nutritional requirement of blastospores of H. capsulatum for cysteine is reportedly based on the fact that they lack the enzyme sulfite reductase so that they cannot reduce inorganic sulfite to sulfide, which is used in the synthesis of the amino acid (1). In contrast, mycelial cells with an active sulfite reductase grow in a minimal medium without a cysteine supplement.
Blastospores of H. capsulatum generally germinate, and thereby initiate a mycelial form of growth, when the temperature of incubation is reduced from 37 to 230C (9, 10, 16, 18, 26) . When blastospores of the fungus grown at 370C are placed at 230C, the rate of transport of leucine and glutamic acid is markedly depressed and then gradually recovers as incubation continues at 230C (24) . Moreover, after recovery the rate of uptake of these same amino acids is more rapid in mycelial cells at 230C than it is in yeast cells at 370C (7, 24) .
The isolation and preliminary characterization of a mutant of H. capsulatum defective in the ability of its blastospores to germinate have been reported (N. Dabrowa and D. H. Howard, Abstr. Annu. Meet. Am. Soc. Microbiol. 1978, F12, p. 315). With this mutant it is possible to study the physiological events outlined in the preceding paragraphs after temperature shift (370C -+ 230C), independent of morphological changes which accompany that shift in the parental strain. In this paper we will report the results of our study on the nutritional requirement for cysteine, the expression of sulfite reductase activity, and the kinetics of cysteine transport in the blastospores of this germination-defective mutant.
Large numbers of viable blastospores of H. capsulatum (strain 505) were obtained by growing the fungus at 370C in Salvin liquid medium (20) on a rotary shaker (150 rpm). The generation time under these conditions was 8 h. The yeasts were collected by centrifugation and were washed three times with a salt solution of low ionic strength (6) . Mycelial cells in the form of germlings were produced by incubating freshly grown blastospores in liquid shake cultures of Salvin medium on a rotary shaker (150 rpm) at 230C. Under these conditions approximately 85% of the blastospores of strain 505 germinated by 24 h. A germination-defective mutant (labeled NG-2) was derived from blastospores of H. capsulatum after mutagenesis with N-methyl-N'-nitro-N-nitrosoguanidine and enrichment by a germination-filtration method (3, 11, 25 At 230C the mutant no longer required cysteine for growth (Table 1) .
The enzyme sulfite reductase is repressed in yeast cells by cysteine and may be expressed under certain conditions, e.g., reduction of the temperature of incubation from 37 to 230C (23) . The data in Fig. 2 show that sulfite reductase appears in blastospores of H. capsulatum approximately 12 h after cultures are moved from 37 to 230C, at a time several hours before germ tube emergence (24, 26) . The data recorded in Table 2 revealed that sulfite reductase is constitutive in mycelial cells of H. capsulatum 505 but is expressed by blastospores incubated at 370C only in MM (no growth), being repressed when grown on complex media (glucose-yeast extract) or MM with cysteine. The same conditions that allow enzyme activity to be expressed in strain 505 allow expression of activity in NG-2.
The initial rate of uptake of cysteine by wildtype yeasts and the NG-2 mutant was dependent on the temperature of incubation and the growth form of the fungus (Table 3) . Thus, the rates of cysteine uptake by NG-2 wild type were nearly the same at 370C. Incubation at 230C depressed initial uptake rates of NG-2 blastospores. (Fig. 1) b The data are picomoles of cysteine transported in 1 min by 1 mg (dry wt) of cells. The figures were computed from data obtained at 5, 10, and 15 min of incubation at the temperature indicated. The concentration of L-cysteine was 1 ,uM. The uptake was measured by the procedure of Gupta and Howard (7) with the following modifications. Equal volumes of 2 x 10-6 M L-['4C]cysteine (specific activity, 24.5 mCi/mmol) and 2.0 mg of cell suspension per ml were placed in separate 50-ml flasks in a water bath shaker at 23 or 370C for 15 min. After temperature equilibration, the L-cysteine solution was added to the cell suspensions (germilings or blastospores), and the flask was shaken throughout the experiment. Samples (1 ml) were withdrawn at determined intervals and filtered (0.45-,um membrane filter, Millipore Corp.). A 0.5-ml portion of each filtrate was then analyzed for radioactivity. The decrease in radioactivity of the filtrate at various time intervals represented uptake of L-cysteine by the cells.
form. With some strains of H. capsulatum this temperature-dependent requirement for cysteine can be explained by a defect in inorganic sulfur metabolism at the level of the reduction of sulfite to sulfide (23) . The enzyme sulfite reductase, which governs this step, is constitutive in mycelial cells but repressible in yeast cells at 370C (23) . The NG-2 mutant also displays sulfite reductase activity, which is repressed under the same circumstances as the parental wild type (Table 2) . From these results one might have expected the mutant and the wild type to behave like the Downs strain of H. capsulatum, in which serine can replace the cysteine requirement of yeast cells. In this strain serine derepresses sulfite reductase, and the cells are thus able to grow on MM supplemented with 5 mM serine (23) . Since this did not happen with H. capsulatum 505, one must assume that other enzymes involved in cysteine biosynthesis are under regulatory controls which involve temperature-dependent factors.
Evidence obtained from previous investigations in our laboratory have revealed that the mycelial-phase cells of H. capsulatum accumulate leucine and glutamic acid more rapidly at 230C than do yeast-phase cells at 370C (7, 24) . Bowdon and Garrison (2) confirmed this observation and reported the same disparity in transport rates for cystine in Blastomyces dermatitidis. However, Maresca et al. (14) and Gilbert and Howard (6) reported that the initial rate of cystine transport in blastospores of H. capsulatum was temperature dependent, being about half as rapid at 250C as at 370C. Maresca et al. additionally recorded that mycelial cells and blastospores at 370C transport cystine at the same rate and that the rate was halved by incubation of each growth form at 250C. The initial rates of uptake of cysteine by NG-2 and the parental wild type were the same at 370C (Table 3) . When cells of NG-2 were tested at 230C, there was a depression in the initial rate of uptake. Mycelial cells did not transport cysteine as efficiently as yeast cells, regardless of the temperature of incubation.
In conclusion, the nutritional requirement for cysteine and the sulfite reductase activity of blastospores of H. capsulatum are temperature dependent and not related to the growth form of the fungus. However, the transport of cysteine seems to depend on both temperature and growth form. 
